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MARSHALL MIX DESIGN METHOD FOR ASPHALTIC CONCRETE
(A Modi£ication o£ AASHTO T 245 and ASTM D 1559)

Scope

1. This method is used to design asphaltic concrete mixes using
Marshall apparatus. With some modi£ications this procedure may be
used in designing other types o£ asphaltic concrete~ such as
recycled asphaltic concrete or emulsion mixes. It is not applicable
to open graded mixtures such as Asphaltic Concrete Friction Course.
(For ACFC Design see ARIZ Test Method 814).

Apparatus

2. The apparatus necessary includes all items required to
per£orm the individual test methode ~e£erred to in th1e procedure.

Materials

3. (a) Mineral Aggregate The mineral aggregate £or the
asphaltic concrete shall be produced material £rom the source(s) £or
the proJect. The mineral aggregate shall be tested £or compliance to
the proJect requirements £or:

1) Gradation (ARIZ 201)

NOTE: The mineral aggregate shall meet speci£ied composite
gradation requirements when combined using desired percentages o£ the
di£ferent produced materials. (See Section 4 £or in£ormation
regarding compositing samples.)

2) Sand Equivalent (AASHTO T 176)

3> Crushed Faces (ARIZ 212>

4> Abrasion (AASHTO T 96)

NOTE: The above tests may be added to or deleted as
required by the speci£ications o£ the proJect.

NOTE: When the mix design
asphaltic concrete £rom a "batch
stockpile material shall be used in
described in Sections 4 and 6.

is to be used
plant" both b.tn

developing the

£or producing
material and
mix design as
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(b) Bituminous Material The asphalt used in the design
shall be the asphalt which is to be used in the production o£ the
asphaltic concrete. The specific gravity of the bituminous material
shall be determined in accordance with AASHTO T 228.

(c) Mineral Admixtures Any mineral admixtures which are
required to achieve the requirements of the specified "M~x Design
Criter~a". This shall be the same type of material to be used on the
proJect. Mineral admixtures sh&ll conform to the requirements as set
forth in the proJect specifications.

Determination of Composite Gradation

4. The composite gradation of the mineral aggregate is
determined using desired percentages. When mineral admixture is
used, the composite of mineral aggregate and mineral admixture is
also determined. When mix designs are performed using bin material a
composite of the bin material is performed using the desired
percentages, along with a composite of the stockpile material which
feeds the bins at the desired percentages. For designs developed
using both bin material and stockpile material the composite
gradation of the bin material is used for the design aggregate
gradation.

NOTE: The sieve analysis for the aggregate from each
individual stockpile or bin shall be determined in accordance with
ARIZ 201. The Pass No.4 fraction of each aggregate shall then be
screened into No. 8 and Pass No. 8 sizes, and the weights for each
recorded. The proportion of the Pass No. 4 fraction which passes
the No. 8 sieve is determined by dividing the weight of Pass No. 8
material by the total weight of the No.8 and Pass No.8 material.
This value is' multiplied by the Pass No. 4 from the sieve analysis
to determine the actual Pass No.8, which is recorded to the nearest
whole percent. This value is compared to the Pass No. 8 value from
sieve analy~is to provide a check on the representativeness of the
fine sieve analysis. If the difference betwe~n the two Pass No. 8
values is greater than 4 the fine sieve analysis shall be adJusted
by multiply~ng the percent pass for each sieve smaller than No. 8
by a factor obtained by dividing the actual Pass No.8 by the
Pass No. 8 from sieve analysis.

(a) The compositing of aggregate materials is performed as
described in ARIZ 205, "Composite Grading", with the following
exceptions: (An example of a composite done for mix design is given
in Figure 1, which shows the procedure outlined below.)

1> The Pass No 8 fraction is calculated for each type
of aggregate by multiplying the % Pass No. 8 from the sieve
analysis for the material by the "" of composite" that the type of
aggregate represents and the total of each of the Pass No. 8
fractions is recorded as the "Composite of Pass No. 8 from Gradation
of Each Stockpile or Bin".

2> The "Composite of Pass No. 8 From Gradation of Each
Stockpile or Bin" is rounded to the whole % and recorded as the
composite % Pass No 8. s~eve.
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3) AdJust fractions of material pas~ing the No. 8 sieve
for each type of aggregate as necessary to correspond to the value
for each calculated % Pass No.8.

4) After summing the % retained for each size fraction
and rounding to the whole percent, any adJustments are made to the
composite so that the calculated value for Pass No. 8 is not changed.

NOTE:
be adJusted
ARIZ 244.

If desired, the composite of aggregate materials may
using the method of "artificially grading" as shown in

(b) When mineral admixture is included in the mix the
aggregate composite and gradation is adJusted to indicate the
composite using the desired % mineral admixture "by weight of the
aggregate". An example of the calculations is given in Figure 1.

1) The aggregate "% of composite" for each aggregate
stockpile or bin is adJusted by the following:

CAdJusted J
Aggregate =

"% of Composite"

Aggregate "% of Composite"

100 + (% mineral admixture)
x 100

Example (for coarse aggregate and 2% mineral admixture):

[

AdJusted j 26
Aggregate % of = X 100 = 25.49% = 25%

Composite 100 + 2

2) The percentage of mineral admixture in the adJusted
composite is determined:

G
AdJusteTId

% Mineral
Admixture

=
% mineral admixture

100 + (% of mineral admixture)
x 100

Example (For 2% mineral admixture):

2
AdJusted % mineral admixture =

100 + 2
x 100 = 1.96% = 2%

3) The aggregate gradation (for % passing) is adJusted
for mineral admixture by performing the following calculation for
each sieve:

100 + (% of mineral admixture)G
AdJUste~

% Pass =
Each Sieve

~
"Pass j

From Aggregate
Composite

+ [ Minera-:l
L;dmixtur;j

X 100

Example (For No.

AdJusted % Pass =

16 sieve):

36 + 2

100 + 2
x 100 = 37.25% = 37%
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4) The % retained on each sieve is determined:

r: Re~~ine~
L:.ach Siev..:J ~

.i passinga
= next larger

s~eve size G·· paSSing]
desired

sieve size

shall be adJusted to
is accomplished as

Example (For 1/4" sieve):

% reta~ned = 78% - 67% = 11%

(c) The composited gradation of the aggregate (and
compos~te of aggr'egate and mineral adm~:xture when used) is shown on
the design card, along with the percentage of each material.

Preparing Samples for Mix Designs Using Stockpile Material

5. The samples necessary in the design are prepared and weighed
up for test~ng utilizing the stockpile composite information.

(a) Representative samples, for each size fraction in the
composite, are obtained for the tests necessary in the design. The
size fractions which shall be utilized are individual sizes from each
stockpile for material of No. 8 sieve size and larger, and minus No.
8 mater~al from each stockpile. A weigh up sheet is shown in Figure
2, wh~ch g~ves an example illustrating the use of the composite
~nformation and the material sizes required.

NOTE: If t.he composite was accomplished using the "artificial
grading" method, the preparation of samples will be as directed in
ARIZ 244.

(b) The aggregate sample sizes, number of samples required
for design tests, and other pertinent information in preparing the
samples are given in Section 7.

Preparing Samples for Mix DeSigns Using Bin Material

6. When bin material is used for the mix design the samples are
prepared and weighed up for testing as outlined below.

(a) The stockpile composite gradation
the desired gradation of the bin composite. This
outlined in ARIZ 244.

(b) Representative samples of bin material, for each size
fraction in the bin composite, are obtained for performing the
Marshall Stability/Flow and Density tests. Size fractions to be used
are individual sizes from each bin for material of No. 8 sieve size
and larger, and Pass No.8 material from each bin.

(c) Representative samples of stockpile material, using the
adJusted composite ~nformation obtained from "artificially
grading" in ARIZ 244, are obtained for performing all other reqUired
tests (Sand Equivalent, Crushed Faces, Abrasion, Fine and
Coarse Aggregate Spec~fic Gravity/Absorption, Rice Test, and
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Immersion Compression Test). The size fractions to be used are
ind~vidual sizes from each stockpile for material of No. 8 sieve
size and larger; and for the Pass No. 8 material, the amount of
each size fraction for Pass No. 8 to Retained No. 40, Pass No. 40 to
Retained No. 200, and Pass No. 200. An illustration of the use of
the above size fractions is shown in Figure 4 of ARIZ 244.

(d) The aggregate sample sizes, number of
for design tests, and other pertinent information
samples are given in Section 7.

samples required
in preparing the

Aggregate Sample Sizes

7. (a) The following table gives the aggregate samples sizes
and the number of samples reqUired for each test. The aggregate
weight shown below for Maximum Theoretical Specific GraVity will
prOVide 3 test samples, the amount shown for Density-Stability/Flow
will produce 3 Marshall specimens and the weight for Immersion
Compression will produce 2 specimens.

Test

Fine Aggregate Specific Gravity/
Absorption

Coarse Aggregate Specific
GraVity/Absorption

Maximum Theoretical Specific
GraVity (Rice Test)

Density-Stability/Flow

Immersion Compression

Aggregate Number of
Sample Size Samples

1200 grams 1

* 1

3000 grams 1

**3300 grams ***

**3400 grams 3

* Minimum weight of the test sample is determined by nominal
maximum size of the aggregate, in accordance With AASHTO T 85.

Approx. Sample Size
Shown(3300 grams for
Density-Stability/Flow
and 3400 grams for
Immersion Compression)

x
2.650

** Generally the weight shown will provide specimens of acceptable
heights, but adJustments may be necessary in some cases. If the
combined specific gravity of the coarse and fine mineral
aggregate is known, the following equation will normally provide
specimens within the specified criteria:

r-Gombined Bulk O.D.~
~gg. Specific Gravi~

*** 1 Sample for each asphalt content desired to be tested.

NOTE: When mineral admixture is used,
added to the composited aggregate samples for
and Immersion Compression specimens only. The
aggregate shall be thoroughly mixed together.

the proper amount is
Density-Stability/Flow
mineral admixture and
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Aggregate Speci£ic Gravities and Absorption

8. (a) The Bulk Oven Dry, S.S.D., Apparent specific gravities
and absorption o£ the fine and coarse mineral aggregate shall be
determined in accordance with ARIZ 211 and AASHTO T 85 respectively.

NOTE: When di£ferent sources of £ine mineral aggregate are
to be used in the production of asphaltic concrete the specific
gravity and absorption of each individual fine material shall be
determined and recorded and the combined specific gravity and
absorption calculated as specified in ARIZ 211. This allows for
the combining of fine aggregates in varying amounts without having
to composite a sample of the dif£erent sources and testing the
combined materials. If "arti£icial grading" has been per£ormed,
the £ine aggregate speci£ic gravity and absorption shall be
determined on a sample of the combined material from the di£ferent
sources.

+-

S.S.D.,
coarse

speci£ic
mineral

Apparent
and fine

P£

100

Pc

(b) The combined Bulk Oven Dry,
gravities and combined absorption for the
aggregate are calculated by the £ollowing:

~
ombinej

Speci£ic =
Gravity

Gc G£

Where: Pc and P£ = weight percent o£ coarse aggregate
(Plus No.4) and fine aggregate <Minus No.4)
respectively. (Note the Pc and P£ are £or
aggregate material only. I£ mineral admixture
is being used in the design, Pc and P£ shall be
determined for composite o£ mineral aggregate
only, not £or the aggregate and mineral
admixture composite.)

Gc and G£ = speci£ic gravity o£ coarse and fine
aggregate respectively.

Example (For combined S.S.D. speci£ic gravity):

GCombined ]
5.S.D. =

Specific Gravity

100

41 59
+

= 2.614

2.597 2.626

Combined Absorption =
!Combined s.s.D:l _ ICombined Bulk 0.D:'l
~eclfic Gravi~ Specific Gravity~

X
(Combined Bulk 0.0. Specific Gravity)

100
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Example: (Combined S.S.D. Sp. Gr. = 2.614, Combined Bulk
O.D. Sp. Gr. = 2.576)

Combined Absorption =
2.614 - 2.576

2.576
x 100 = 1.48%

Preparation of Specimens for Density and Stability/Flow Determination

9. Specimens shall be prepared as follows, using apparatus shown
in AASHTO T 245.

NOTE~ Paragraph 2.4 of AASHTO T 245 shall be changed to
read: "Compaction pedestal - The compaction pedestal shall consist
of an 8" by 8" by 18" wooden post capped with a 12" by 12" by 1"
steel plate. The steel cap shall be firmly fastened to the post.
The wooden post shall have a dry weight of 42 to 48 lbs./cu. ft. and
shall rest squarely on a solid concrete slab and shall be secured by
four angle brackets to the concrete slab. The pedestal assembly
shall be installed so that the post is plumb and the cap is level."

NOTE: If a mechanical hammer is utilized to compact
specimens, generally results which are within 0.5 lbs./cu. ft. of
hand hammer results are considered acceptable.

(a) The temperature of the asphalt and aggregate at the time
mixing begins shall be in accordance With the follOWing:

Asphalt Grade
AC 20

AC 30, AC 40

Temperature
300 ± 10 F.
305 ± 10 Fe

(b) The aggregate (and mineral admixture when used) shall be
dried to constant weight at the temperature reqUired as shown in
paragraph 6 (a). Bring samples to desired weight by adding a small
amount of proportioned Pass No.8 make up material.

NOTE: Normally a range of 1% asphalt, or 3 different asphalt
contents at 0.5% increments will provide sufficient information,
although in some cases it may be necessary to prepare additional sets
of samples at other asphalt contents.

(c) The aggregate (and mineral admixture when used) and
asphalt shall be mechanically mixed for 90 to 120 seconds in a
commercial dough mixer with a minimum 10 quart capacity and eqUipped
with a wire whip and then hand mixed as necessary to ensure thorough
coating.

NOTE: Before each batch is mixed, the mixing bowl and whip
shall be at approximately the temperature specified in paragraph 6 .
(a) •

(d) Each mixed sample shall be placed on a tarp or sheet of
heavy paper and in a rolling motion thoroughly mixed. The material
shall be spread into a circular mass 1 1/2 to 2 inches thick. The
circular mass shall be cut into 6 equal segments, taking opposite
segments for each individual sample.
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(e) Each sample shall be placed in a pan and allowed to cure
for 2 hours ± 10 minutes at approximately 285 F~ A mold assembly
(baseplate, mold and collar) shall be heated to approximately 285 F.
The face of the compaction hammer shall be thoroughly cleaned and
heated on hot plate set at approximately 285 F.

(f) Place a 4" paper disc in the bottom of the mold before
the mixture is introduced. Place the entire batch in the mold with a
heated spoon. Spade the mixture vigorously with a heated flat metal
spatula, with a blade approximately 1" wide and Gil long and stiff
enough to penetrate the entire layer of material, 15 times around the
perimeter and 10 times at random into the mixture, penetrating the
mixture to the bottom of the mold. Smooth the surface of mix to a
slightly rounded shape.

(g) Before compaction the mixture shall be at the proper
temperature as shown below for the grade of asphalt being used.

Asphalt Grade
AC 20

AC 30, AC 40

Temperature
280 ± 10 F.
:2€$5 :t 1f) F.

NOTE: To maintQ~n compaction temperature the miKture and
mold may be returned to the oven before compaction.

(h) Place paper disc on top of material, place the mold
assembly on the compaction pedestal in the mold holder, and apply 75
blows with the compaction hammer. Remove the base plate and collar,
and reverse and reassemble the mold. Apply the same number of
compaction blows to the face of the reversed specimen.

NOTE: The compaction hammer shall apply only one blow after
each fall, that is, there shall not. be a rebound impact.

( 1)

to cool.
Remove collar, baseplate, paper discs and allow specimen

NOTE: Cooling may be accomplished at room temperature, in a
77 F. air bath, or if more rapid cooling is desired the mold and
specimen may be placed in front of a fan until cool.

(J) Extrude the specimen from the mold.

NOTE: Care shall be taken in extruding the specimen from the
mold, so as not to develop tensile stresses in the specimen.

<k) Measure the height of the specimen to the nearest 0.001
inch.

NOTE: Compacted specimens shall be 2.50:t 0.20 inches in
he~ght. If this criteria is not met for the specimens at each
asphalt content the entire set of specimens at that asphalt content
shall be discarded and a new set prepared after necessary adJustments
in the aggregate weight have been made.

(1) Follow the procedure in paragraphs (f) through (k) for
all specimens required.
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Speci£ic Gravity/Bulk Density o£ Specimens

10. (a) Determine the speci£ic gravity o£ the three spec~mens at
each asphalt content in accordance with ARIZ 415~ Method A. The
determination o£ the "Weight in Water" and "S.S.D. Weight" o£ each
specimen will be completed beiore the next specimen is submerged £or
its "We~ght in Water" determination.

NOTE: Specimens are assumed to be at constant weight after
extrusion £rom the molds.

(b) Determine the density in lbs.Jcu. £t.~ by multiplying
the speci£ic gravity of each specimen by 62.3 lbs.Jcu. ft.

NOTE: For each asphalt content the dens~ties shall not
dif£er by more than 2.0 los.Jcu. ft. I£ this density requirement is
not met the entire set of specimens at that asphalt content shall be
discarded and a new set of specimens prepared.

Stability and Flow Determination

11. The stability and flow o£ each specimen shall be determined
as £ollows:

(a) Bring the specimens to 140 ± 1.8 F. by immersing in
water bath 30 to 40 minutes. The specimens shall be supported on a
plate (a 5" x 5" glass plate is ideal) during the immersion period
and while removing £rom the bath. Thoroughly clean the guide rods
and the inside o£ the test heads prior to running the test, and
lubricate the gUide rods so that the upper test head slides £reely
over them. The testing head temperature shall be maintained between
70 and 100 F.~ using a water bath when reqUired. Remove the
specimen from the water bath, quickly towel dry the specimen and
place it in the lower segment o£ the breaking head. Place the upper
segment o£ the breaking head on the specimen, and place the complete
assembly in position on the testing machine.

<b) Place the £lowmeter in position over one of the guide
rods and adJust the flowmeter to zero while holding the sleeve firmly
against the upper segment of the breaking head. Hold the £lowmeter
sleeve £irmly against the upper segment o£ the breal~ing head while
the test load is being applied.

NOTE: In
beginning reading
determine the flow.

lieu
may

o£
be

adJusting
subtracted

the £lowmeter to zero~ the
from the ending reading to

(c) Apply the load to the specimen by means of the constant
rate of the load Jack or testing machine head of 2 inches per m~nute

until the maximum load is reached and the load decreases as ~ndicated

by the proving ring mierometer dial. Record the maximum micrometer
dial reading and also the flow reading the instant the max~mum load
is determined. The elasped time for the test from removal o£ the
test specimen £rom the water bath to maximum load determinat~on shall
not exceed 30 seconds.
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NOTE: The maximum load is de£ined as the last point in the
load/time curve be£ore the load decreases.

(d> The micrometer dial reading shall be converted to load
in pounds (stability> using the calibration chart provided for the
proving ring, or a formula derived from the calibration chart.

NOTE: Some testing machines, which are operated in a
different manner than described in paragraphs (b) through (d>, are
capable of providing a direct stability/flow reading. When utilizing
this type of apparatus, re£er to the operation manual for the
equipment to determine readings for stability and flow.

(e) Record the stability of each specimen to the nearest
pound and the flow to the nearest 0.01 inch.

(f) Correct the stability obtained for each specimen £or the
height o£ the specimen by the following table:

STABILITY CORRELATION RATIOS*

Height of Specimen
(Inches)

2.300 - 2.306
2.307 - 2.319
2.320 - 2.332
2.333 - 2.344
2.345 - 2.357
2.358 - 2.369
2.370 - 2.381
2.382 - 2.393
2.394 - 2.405
2.406 - 2.417
2.418 - 2.430
2.431 - 2.445
2.446 - 2.461
2.462 - 2.477
2.478 - 2.492
2.493 - 2.507
2.508 - 2.522
2.523 - 2.537
2.538 - 2.553
2.554 - 2.573
2.574 - 2.594
2.595 - 2.615
2.616 - 2.634
2.635 - 2.649
2.650 - 2.663
2.664 - 2.679
2.680 - 2.697
2.698 - 2.700

Correlation
Ratio

1.15
1.14
1.13
1.12
1.11
1.10
1.09
1.08
1.07
1.06
1.05
1.04
1.03
1.02
1.01
1.00
0.99
0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91
0.90
0.89
0.88

* The measured stability of a specimen multiplied
by the ratio for the height of the specimen equals
the corrected stability for a 2-1/2 inch specimen.
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(g) Determine and record the average values for stability
and flow for each asphalt content.

NOTE: An example of
determlnation, stability/flow,
shown in F~gure 3.

the recorded results for density
and the corrected stability values is

(h) Compare resultant stability and flow values with the mix
design crlteria or governing specification requirements and determine
if acceptable results have been obtained, 1f the design should be
discarded, or if additional specimens at other asphalt contents
should be prepared and tested for density, stability and flow.

Maximum Theoretical Specific Gravity (Rice Test)

12. The maximum specific gravity of the mixture shall be
determined in accordance with ARIZ 806. Values obtained from the
Rice Test are utilized in the Voids Relationships calculations to
determine the "asphalt lost by absorption into aggregate expressed as
the % by weight of the dry aggregate".

Determination 6f Design Asphalt Content

13. The design asphalt content is determined as follows in
paragraphs (a) through (e).

(a) For each asphalt content used, determine values for
voids relationships required by the specifications in accordance with
the "Method for Determining Void Relationships in Asphaltic Paving
Mixtures" (Figures 4 through 7).

NOT~: The calculations for determining the voids
relationships include the necessary equations when mineral admixtures
are used. An example of the calculations with mineral admixture, are
given in ~igures 8 and 9.

(b) If a range of asphalt contents have been tested, the
calculated specific gravity shall be determined for desired asphalt
contents by interpolating between the values obtained for the
specific gravity in Section 8.

(c) Using the interpolated specific gravities, determine the
bulk density and voids relationships at each corresponding asphalt
content.

(d) The design asphalt content shall be the asphalt content
which meets all specified requirements, and provides air voids as
close to the middle of the range given in the specified Mix Design
Criteria as posstble.

NOTE: If it is not possible to obtain acceptable results
within the range of asphalt contents used, a determination must be
made as to either discarding the design or preparing additional
specimens at other asphalt contents for density, stability/flow
testing and voids relationships analysis.
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(e) Interpolate. the value
selected design asphalt content.
design criteria for acceptability.

for Stabi~ity and Flow at the
Check these values against the

NOTE: If the average stability and/or flow of tested
specimens for an asphalt percent used in the interpolation of the
design asphalt content is outside the specification limits" a set of
3 specimens shall be prepared at the selected design asphalt content
and tested for Bulk Density and Stability/Flow" along with the
determination of voids relationships. The resultant values are then
checked for compliance to specified requirements.

(f) Calculate the maximum theoretical density for the design
asphalt content by the eq~ation below. This value is recorded on the
design card as shown in Figure 10.

Maximum Density =

Immersion Compression Test

Bulk Density

100 - ~ Air Voids
x 100

14. Using the design asphalt content, perform the Immersion
Compression test in accordance with ARIZ 802.

Mix Design Gradation Target Values

15. The desired target values for the aggregate (and mineral
admixture when used) in the bituminous mixture shall be from the
composited gradation and shall be expressed as percent passing
particular sieve sizes as required by the speCifications for the
proJect.

NOTE: The target values for aggregate (and also aggregate
with m~neral admixture" when used) are shown on the design card. The
gradation of samples taken for specification compliance are compared
to the applicable target values" (e.g., a mix design requires mineral
admixture and the mineral admixture is blended with the asphalt. The
sample for specification compliance will be aggregate only and
therefore is compared to the target values given without cement).

Report and Example

16. Report the test results and data obtained along with the
"Recommended Bitumen Content Considering All Test Data" on the
Laboratory Bituminous Mixture Design card, as shown in the example in
Figure 10. Liberal use of the remarks area to clarify and/or
emphas~ze any element of the design is recommended.
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"'c....~
j:ll c:: :;d

eN I-' H
(1) '<: N

t-'t-'oo
.:)\ ~o t-'

00 V1
Vo0

Weight of flask
+

500 g. 5.5.0.
sample

+
water to fill (C)

sample (A0

I Fi ne Aggregate (Gf) I
~oven dry weight of 500 g. 5.5.0.

(
Wei ght of 0GOO grams =Jflask filled + weight of -
with water (B) 5.5.0. sample

ICoarse Aggregate (Gc) I
Weight of oven dry sample in air (A»)

Weight of 5.5.0. ~_(Weight of saturated
sample in air (B)) sample in water (C)

MET II 0 0 [0' 0 H 0 Ii: If E R MIN I NG V 0 I D Il E L A If ION S I( IPS I N ASP HAL TIC P A V IN G M I X If U RES

Oven dry bulk
specific gravity
of coarse aggregate
by AA5HTO T 85 and
fine aggregate by
ARIZ 211

Combined Bulk 0.0.
specific gravity
of aggregate

Gsb
~ coarse aggregate

~
'\

Bulk 0.0. specific
gravity of coarse
aggregate (Gc)

(100)
(Pc~ ~ fine aggregate (Pf~

+/ )Bulk 0.0. specific
gravity of fine
aggregate (Gf)

Measured maximum
specific gravity of
bituminous mixture
by ARIZ 806 (

Weisht of )
Volume of voidless mix = mix sample ~~Weight of flask

(Vvm) (Wmm) * \.With water (B) (

Weight of flask With)
filled\__ mix sample, filled

~ with water after
evacuation of air (C)

* If aggregate has absorbed water, the surface dry weight (Wsd)
shall replace (wmm) in the above equation.

Maximum specific
gravity of bituminous
mixture (Gmm)

(weight of mix,
"-sample (Wmm»)

- (Vol~m~ of voidles~
\.mix (Vvm) )

FIGURE 4



Effective specific
gravity of aggregate

Gse

Asphalt lost by
absorption into
aggregate expressed
as %by weight of
dry aggregate

Pba

Average Measured Bulk
Specific Gravity of
specimens by AASHTO T 166

Gmb

(Weight of aggregate in mix ~
"sample (Wmm x %aggregate x 0.01~

~ I'Weight of asphalt in mix ,~

...:'olume of void1ess mix (vvmD-1 'samp.]e (Worn x %asphalt x a, 01 V
('Specific gravity o~
"asphalt (Gb) '~

C ) ( J
I

Effective specific Combined bulk 0.0. !

gravity of - specHi c gravity
aggregate (Gse) of aggregate (Gsb) I GPecHi c Gravity;'\

X ) X (100)

(

Effective specific Combined bulk O'OJ of asphalt (Gb)
gravity of >< specific gravity
aggregate (Gse) of aggregate (Gsb)

Height of specimen in air (A)

(
Weight of surface dry~ __ (Weight of specimen"
specimen in air (B) ~ in water (C) ~

Note: The following equations provide the volume relationship$ for mixes with or without mineral
admixtures.

%Mineral Aggregate
in mix

Pma

%Mineral Admixture
in Mix

Pmx

G100 ) __-_~asp~a~~~~i~~

C d% mi nera1 admi xturl~
1.00 + (0.01) x by weight of

aggregate (Pad)

( % asphalt i~ _ (% aggre~ate ~
~oo - mix (Pb) ~ in mix (Pma~

FIGURE 5
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Volume of Aggregate

Vag

Volume of Mineral
Admixture

Vmx

Effective asphalt
content, %of
total mix

Pbe

Volume of Effective
Asphalt

Vbe

(
% aggregate in mix (pma))X (Aver~ge Measure~ Bulk specifi2\

~gravlty of speclmens (Gmb) ~

(

Combined Bulk OaOa)
specific gravity
of aggregate (Gsb)

('% mineral admixture i~ X ~Average Measured Bulk specific~
"mix (Pmx) ~ ~gravity of specimens (Gmb) ~

(
Specific ~ravity of Minerai)
Admixture (Gad)

d ~
SPhalt lost by absrrptioj

% asphalt \ Ifiinto aqqreQate expressed >< ~% aggregate~ (0 01)
in mix (Pb)j- I~ ~s % by weight of dry "in mix (Pma ll x a

~ggregate (Pba)

Effective ASPhalt) (AVerage Measured Bulk
Content, %of )( Specific Gravity of
Total mix (Pbe) Specimens (Gmb)

~specific Gravity of Asphalt (Gb)~

FIGURE 6
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% Voids in
Mineral Aggregate

VMA

(lOO) _ (Volume of \_(volume of ~1inerai\
\Aggregate (Vagl/ Admixture (Vmx) ~

Note: If a mineral. admixture is used, VlM is the voids in the combination of'
mineral. aggregate and mineral. admixture, as indicated by the above equation.

%Effective air
voids

EV

%of voids in
mineral aggregate
filled with asphalt

VF

(
Voids in mineral'\ __ (volume of Effective\
aggregate (VMA) ~ Asphalt (Vbe) ~

UVOlume of Effective Asphalt (Vbe~~
- . .'; x (100)

(VOidS in mineral aggregate (VMA))

FIGURE 7
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I. Calculation of Combined Aggregate Bulk 0.0. Specific Gravity:

100
Gsb = Pc Pf

- + 
Gc Gf

100
( 'II) (5'9) = Z. S 7(P

( t. 5"58) + ( 2.589 )

II. Data obtained from Rice Test:

Vvm = 1./'1z.. 5
Gmm =2.392 ; Gmm x 62.3 = ( Z.392 ) x 62.3 = 1'I9.tJ 1b./cu. ft.

(I'imm x % agqregate x 0.01) (ItJSK.'I) x ( 9'/.0 ) x (0.01)

Gse = Vvm _ [(wmm x % asphalt x o.oilr (l.Ilfl.5')_fIt0S8.'I) x ( 6:J.tJ) x (o.oil]= Z,f.t>/S

Gb ~ L (/. ()Z5 ) J
Gse - Gsb (2.t-IS ) - (Z.S7f.t> ) 5 %

Pba = x Gb x 100 = x ( 1.0Z~ ) x 100 = t/. 9 q

Gse x Gsb (Z.fpIS ) x (Z.S7~ )

III. Recorded Average Measured Bulk Specific Gravity of Specimen at each asphalt content tested:

Gmb @ Pb = '(.5 %: (Z.Z?(/) ); Gmb x 62.3 = (l.Zl(/) ) x 62.3 =1'I/''11b./cu. ft.

Gmb @ Pb = 5.tJ %:. ( 2.Z. 9'1); Gmb x 62.3 = (2.29'1 ) x 62.3 =1'12.9 1b./cu. ft.

Gmb @ Pb =5.S %: (2.. 31ft,); Gmb x 62.3 = ( 2. 3/cP ) x 62.3 =1'I'/.3 1b./cu. ft.

IY. I'1INt.(AL. AOI1/xrlJ,u SPEC/F'IC bR/lVlTIE.5:

TYJ7£. .7L C£H£lf/r = 3. /'1
TYpe. /p CEMEAJT '" 3.tJO
LIM£. :: 2,20

V. Calculations of Voids Relationships

EV

VF

Vmx =

Vbe =

3.95

VMA =

Vag =

Pbe =

Pmx =

Pma =

Ph -.: '1.5%

(100 - Pb) (100) - ( ~S )

l.OO + (0.01 x Pad) LOa + [l0.0l) x (Z.O 1.] = 93." 3

(100 - Pb) - Pma = [2,00 - ( l/.S,] - ( 93.":3 ) = I. '17
Pma x Gmb ( 93."3 ) x ( Z. 270 )

Gsb ( 2. 5'7~ ) = B 'Z.. 51

Pmx x Gmb (I. 87 ) x ( "2. Z 70 )
Gad ( 3.1'1) = /.35

Pb - (Pba x Pma x 0.01) = ( 'I.S ) - [ItJ.S9 ) x ( 93."3 ) x (0.c:2TI

Pbe x Gmb (3.95) x (2.270 )
Gb = ( /.OZ3 ) = 8.7f.e,

100 - Vag - Vmx = 100 - (BZ.SI ) - (1.3G' ) = /6,.1'1

VMA - Vbe = ( I (P'/'I ) - ( 8.7f.t> ) = 7. 38

Vbe ( 8.7fb ) x 100 = Slf ~n
VMA x 100 = (/~.I'I ) 7. U7

FIGURE 8



(100 - Pb)
Pma = ------

1.00 + (0.01 x Pad)
Pmx = (100 - Pb) - Pma

Pma x Gmb
Vag = --

Gsb

ARIZ 8l5c
.July 1985
Page 21

Vmx =
Pmx x Gmb

Gad
Pbe = Pb - (Pba x Pma x 0.01)

Pbe x Gmb
Vbe = --

Gb

VMA = 100 - Vag - Vmx EV = Vf1A - Vbe
Vbe

VF = - x 100
VMA

9·91

VMA = 100 - (gz.9'1) - (/,sfIJ ) =1S,7d EV = (/S.7tJ) - (9.ge) = S.72

Pbe = (SoO ) - [t'.S9 ) x (~3.1t{) x (o.oj] = '!.t.fS

(100) - (5.0 ) ]
Pma = 1.00 + @.OJ) x ( Z.O }] = 93./«1 Pmx = @o - (5:0 ) - (93.1'1) = I. 'iff:,

Vag = (93.1¥ ) x (2.Z9r) = ttZ.9'1 Vmx= ( I.fro ) x (z.z~r) = 1.3(P
( 2,57(p ) ( 3.1¥ )

( ¥o'lS ) x (Z,29'1)
Vbe =

( /.tJl3 )

VF=(9.'7'i )y.100=C:.3,S?
(/S,7tJ )

Pb =5.S %

Pma = (100) - ( s:S) = 9Z,IP5 Pmx = rj(jo - ( 5:.5 ] - (9Z.'-S) = /. 85
1.00 + @.OJ) x ( Z.O }] ~

(9Z.(PS)x(l.,S/f... ) (/.gS ) x (Z.3/f.D)
Vag = ( 2,57"- ) = S'3.30 Vmx = s.I'I ) = 1.3"

( '(.95 ) x (2, 31fD )
Pbe = (S.S ) - [0.59) x (92."5) x (o.oj] = '/.9S Vbe = = /I.ZI

( I.Ol3 )

( II. ZI )
VMA = 100 - (83.30) - (/.3lP ) =15.3'1 EV = (/5.3'1) - ( //'Z/ ) = '1.13 VF = y. 100 = 73.tJ8

(IS, 3Y)

vr1P. = 100 - (82.(,O) - ( 1,35 ) =/'.05 EV = (/1D.05) - ( 9.(1) = 7.0'(

Pbe = ( '1.6> ) - [0.59 ) x (93.53) x (o.oj] = 'I.OS

Pb = '1.1, %: Interpolated Gmb = Z.Z7S; Gmb x 62.3 = (2,27$) x 62.3 = 1'11,7 1b./cu. ft.

(100) - ( I{,(p ) 5or:t
Pma = ff, \l = 93. v Pmx = @o - ( ".f~ ] -(9:5.53) = I. g7

1.00 + &.01) x ( z,o lJ

Vag = (9'353 ) x (2.275) = VZ."/) Vmx = ( l.g7 ) x (Z·Z7S) = /. 35
( l,S'71p ) ( $.1,/ )

( '1,06) x (2.Z75)
Vbe = ( /,OZ3) = 9.0/

( 9.01 )
VF = Y. 100 =56 1'1

(/(P.05) •

VMA = 100 - (gZ.G>9) - (/.3fIJ ) =1s'9S EV = (/s'9S) - (9.25) = '.70

Pbe = ( If, 7 ) - [t'.S9 ) x (93. '(3) x (o.oj] = r.lS"

Pmx = @o - ( '/.7 ] - (')'$.'13) =(, g7

/.Y7 ) x (Z.Z10)
( s./lI) =/,31L>

( '1,15 ) x (Z.llo)
Vbe = 9. ZS

( /.OZ5 ) •

VF = ( 9.2 S ) Y. 100 = S 1. 99
(/S,9S)

Pb = '/.7 %: Interpolated Gmb =2.2fo ; Gmb x 62.3 = (Z,280) x 62.3 = I,/Z.Olb./cu. ft.

( 100) - ( 'I. 7 )
Pma - - 93 '13

- 1.00 + @.01) x ( 2.() }] - •

(93.'13 ) x (l.Z-flO) /
Vag = (2.57(,) =fl.G.9 Vmx=

FIGURE 9
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MATERIALS SECTION Received 8-/3-85 Test Commenced B-13-8S Material '1/2~1 AC.

ITORY BITUMINOUS MIXTURE DESIGN
Identilication Sampled 8-IZ-8S Lab. No. 8S- 9996
Submitted by Sampled by ELVES Project No ;:-099 - 9 ('/I )

rn I1U. A/tJ.RTI/ ha. 5 tR Source of Sample S7oc./:.'PIL£S Ouantily

Blend CAJJPY C'AIJ£ ltIA.5/1 Loc'ation of Supply No£TH' PoLL SAAl£> /9,A/P /2JJCK /' CA,A/LJV CAIJF 4USH

Asphalt Source FI1JPItTII StoP£. Project Name C!I;(fST"1AS CI'fAJYo,U - CLAt./S 7:Z. Contractor R€/AJl?ee£ CtJ,uTJUCT/AJ6
Specifications Governing Mix Design Request No. 2-

MATERIALS SURVEY IPEI AS PRBIRlBEB leBIIB1'R~BiIBIiI DESIGN DATA
PRELIMINARY DESIGN GRADING FIliAL "'Bd~BiEB BEBIBN BRABIIlB (SEE BACK FOR CHARTS)

DRIG. PIT CRUSHED ADJ. CRUSH
AS eRIlSIlEIl AS AIlJ. IN SPEC. SPECIMEN A B C 0 E F DESIGN SPECON PROdEB'!' lAOORA'!'8R'f

AVERAGE GRADATION GRADATION LIMITS BILGRADE/SPECIFIC. GRAVITY AC $It' -/.I?Z3COMPOSITE COMPOSITE

Sieve %Ret % Pass %Ret % Pass % Ret %Pass Ct>4JtSt. C(p% ~".eSL. ZS'/, %DF BIT. 'IS '/.(, 5.0 6.5
3" Slot IAITU IZ % lA/TEL 12 % BULK DENSITY LBS. PER CU. FT. l'fl.'! 1'11.7 I'fZ.9 1'I'/.3
3" I;:;A/E.. '17% hA/l 9(P % MARSHALL STABILITY 3953 l/338 11f1l'l1 2.000 H/A/.
2'11" BUAJO 15% 8tE.ui> IS% flOW 1/ /Z. Il i-If.:,
2" %/"£HenT Z!, HVEEM STABILITY

1'1,., %Ret %Pass %Ret %Pass COHESION

1" %AIR VOIDS 7.1{ 7.0 5.7 '1.1 5.0-7.0
)/~.. /O{) 100 /OtJ %V.MA I~./ 1'-.0 15. 7 153 IS.S-ISS
Vz" l/ 9(p Lf t)fi, 90-laJ %AIR VOIDS FILLED 5'/.3 5'-./ (P3." 73./
)/8" IS 78 /i 78 7o-iS %EFFECT ASPHALTTOTAL MIX 3.95 'I.oS ¥OtiS If.95
'hoi 12 (p~ II t,7 ARIZ 802 MINIMUM RETENTION bO %SAMPLE AIR PSI H20 PSI RETENTlDN
NO.4 7 59 7 6?GJ H2D PSI MINIMUM 150

8 13 'I~ /3 '17 '1'1-52 NO.1 % l./.f.:, % Ae ¥LJ ASPHALT

10 3 '13 3 '1'1 NO.2 B51{ 539 t,3% Z. tJ ~; Typ~ 7£. C~H£AJT

16 7 3t2:> 7 37 No.3 % %

30 /1 ZS II ZIP NO.4 % %

40 {p 19 S' 21 /3-23 NO.5 % ~o

50 s 1'1 s /cP NO.6 % '.100 (p B b It) MAX. DENSITY I SZ. Lf LBS. PER CU. FT @ l/.(P %ARIZ 886 tRIBE HSn
200 3 '/.~ 0/ &.5 3.0·7.5 ASPHALT ABSORP. ON DRY AGGREGATE tJ.5<) %

00. SP. GR. COARSE 2.559 0.0. SP. GR. FINE 2.5'89 0.0. SP. GR. COMB. Z.S7fe, AGG. SURFACE AREA: Sa.FT./LB. FILM THICKNESS MICRONS

S.S.D. SP. GR. COARSE Z.597 S.5.D. SP. GR. FINE Z. fDZfD SS.D. SP GR. COMB. Z. (P1'l C.K.E. VALUES· ARIZ 805 F = F(CORR.j= C= C(CORR)=

APP. SP. GR. COARSE Z.G.IPI APP. SP. GR. FINE Z.lPBB APP. SP. GR. COMB. Z,b77 Kf = Kc: Km =

ABSORP. COARS~ AGGR. 1.5/ % ABSORP. FINE AGGR. /.'!3 % ABSORP. COMB. AGGR I. 'Ii % BIT GRADE RECOMMENDED BITUMEN %

lIaUID LIMIT PLASTIC LIMIT PLASTICITY INDEX SAND EOUIV. RECOMMENOED BITUMEN CONTENT CDNSIDERING ALL TEST DATA ¥.~ °l'

NATURAL FINES
£. MIX DESIGN GRADAT~N T~~;~VALUESCRUSHED FINES LJ/~ C /'f£IIJT tV c£ T

COMBINED FINES &>7 Sieve % Pass

ABRASION (A{B}C, 0): 100 REV. 'I %LOSS 500 REV, /8 %LOSS CRUSH.FACES 9'! % LIMESTONE % 1" 100 100
REMARKS 7111.5 OiS16.cJ ~E..IS>U/~E5 TK£ V5£ C)~ 2% Tv.P£ :J£ 3/t /0 0 100

,....#~~,.;T $'" 1V£lt,;Hr p,:; A66L£t:,f7£. Yz" 9lP 9"-
W' 78 78

C. //. ~/AJ£ S~£C/~/C. G.t:;fV/Tv - A/O,(TH at.£. s.,...e = 2. S7(, NO.4 - -
f).P. h,.;L Sy£c/~/t: r.;~~/)ITY - C,/;J~Y C-i;J£ tvA.O~ = 2.IPZ9 8 '1~ If?

40 /9 zl
200 'I.(p (P.S

FIGURE 10
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